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There is a whole variety of topics and approaches related to the operator of time, e.g. [9] [10] [11] and references therein, but let us shortly review our approach that we have proposed in [12] [13] [14] [15] . Our approach is similar to [16] , and references therein, and [17] .
In order to fulfill demand coming from general relativity, that space and time should be treated on equal footing, just like for every spatial degree of freedom a separate Hilbert space is introduced, one should introduce Hilbert space where operator of timet acts. More concretely, for the case of one degree of freedom, besideq and conjugate momentump, acting non-trivially in H q , there should be H t wheret, together withŝ that is conjugate tot, act non-trivially. So, in H q ⊗ H t for the self-adjoint operatorsq ⊗Î,p ⊗Î,Î ⊗t andÎ ⊗ŝ the following commutation relations hold:
The other commutators vanish. The operator of timet has continuous spectrum {−∞, +∞}, just like the operators of coordinate and momentumq andp. So is the case for the operatorŝ, that is conjugate to time, and which is the operator of energy. After noticing complete similarity among coordinate and momentum on one side and time and energy on the other side, one can introduce eigenvectors oft:t
In |t representation, operator of energy becomes i ∂ ∂t , while its eigenvectors |E become e 1 i Et , for every E ∈ R. According to Pauli, there is no self-adjoint operator of time that is conjugate to the Hamiltonian H(q,p) which has bounded from below spectrum. Within our proposal, self-adjoint operator of time is conjugate to the operator of energy, which has unbounded spectrum. The Hamiltonian and operator of energy are acting in different Hilbert spaces, but there is subspace of the total Hilbert space where:ŝ
The states that satisfy this equation are physical since they have non-negative energy. The last equation is nothing else but the Schrödinger equation. By taking |q ⊗ |t representation of previous equation, one gets the familiar form of Schrödinger equation:
With the shorthand notationĤ = q|H(q,p)|q ′ . In other words, operator of energy has negative eigenvalues as well as non-negative, but the Schrödinger equation appears as a constraint that selects physically meaningful states. That is, states with non-negative energy, due to the non-negative spectra of H(q,p), are selected by Schrödinger equation. For time independent Hamiltonian, the typical solution of Schrödinger equation ψ E (q)e 1 i Et is |q ⊗ |t representation of |ψ E ⊗ |E , where H(q,p)|ψ E = E|ψ E andŝ|E = E|E . The energy eigenvectors |E have the same formal characteristics as, say, the momentum eigenvectors (they are normalized to δ(0) and, for different values of energy, they are mutually orthogonal). Now, let us discuss properties of solutions of Schrödinger equation with time dependent Hamiltonian. In order to be more systematic, we shall firstly analyze situation when time dependence appears through the term that is added to the time independent Hamiltonian, i. e., H(q,p) + g(t), then the situation when the time dependent term multiplies time independent part of the Hamiltonian, i.e., H(q,p) · g(t), and finally we shall briefly comment combination of these two. (We are not going to discuss the case when g(t) depends onq andp since it is beyond the scope of this article.)
For the Hamiltonian H(q,p) + g(t), the Schrödinger equation (in |q ⊗|t representation, and with = 1 taken for simplicity) is satisfied for ψ E (q)
E is the eigenvalue of Hamiltonian and h(t) = g(t)dt.
The time dependent part of the solution can be seen as modulated Dirac delta function since it is slightly different from the time representation of energy eigenvector, which is Dirac delta function in energy representation. The properties of modulated Dirac delta functions are as follows.
With the set of functions t|E, h = 1 √ 2π e −ih(t) e −iEt it is easy to verify orthogonality and completeness relations:
The h generated transform:
is easily related to the Fourier transform:
It's inverse is
This set of functions are generalised eigenfunctions of the self-adjoint operator i ∂ ∂t − g(t) :
For the Hamiltonian H(q,p) · g(t), the Schrödinger equation (in |q ⊗ |t representation) is satisfied for ψ E (q)
, where E is the eigenvalue of Hamiltonian and h(t) = g(t)dt. The time dependent part of the solution can be called generalized Dirac delta function with explanation similar to the above given one. The properties of generalized Dirac delta functions t|E, h = 1 √ 2π e −iEh(t) are as follows. Their biorthogonal set is:
since:
Resolution of unity is:
e −iEh(t) generate transform:
which is related to Fourier transform by:
It is easy to verify that inverse transform is:
The operator
e −iEh(t) as generalized eigenfunctions since:
This operator is not self-adjoint, which is in accordance with the fact that
e −iEh(t) are not orthogonal. While:
may not be integrable, it may exist as a distribution. Acting on a Schwartz function ϕ(E), it holds:
Using Parseval's theorem, the result is:
(E) * so:
Finally, let us just mention that in case of H(q,p) · g 1 (t) + g 2 (t) one can easily combine above results. On the other side, for the case of H(q,p)·g(t), if the whole solution of Schrödinger equation ψ E (q)
e −iEh(t) is taken into account, mutual orthogonality of ψ E (q) for different E implies the orthogonality of the whole ψ E (q, t).
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